with disaccharidase deficiencies. Alternatively it may be normal in the milder forms of sugar malabsorption. The excretion of more than 50 mg of lactic acid in a random sample of 100 g of frces can be taken as evidence of abnormal fermentation.
Sugar-loading tests can be extremely useful as a diagnostic tool provided their interpretation is carefully considered. The recommended dose is 2 g/kg body weight or 50 g/m2 body surface area. The standard administration is a 10% solution of the sugar tested. An increase of blood glucose of over 30 mg/100 ml above the fasting level at any point of the tolerance curve can be regarded as normal. Values consistently below 20 mg/100 ml are indicative of malabsorption. In children it is important to carry out control tests with the component monosaccharides to exclude a monosaccharide malabsorption.
Sugar excretion in the faeces may be a helpful guide towards further study; melituria is not a common feature except in lactose intolerance and in severe forms of gluten-induced enteropathy. Laws & Neale (1966) found radiological examination with a mixture of a disaccharide and barium helpful in demonstrating intestinal changes associated with sugar malabsorption.
Enzyme assay in peroral intestinal biopsy sp_cimens is still being regarded as the most reliable way of determining disaccharidase deficiencies, but it has certain drawbacks in secondary forms of sugar malabsorption, particularly when the pathological process does not uniformly involve the whole area of intestinal absorptive mucosa.
Diagnosis of monosaccharide malabsorption rests largely on the exclusion of disaccharidase deficiencies and evidence of malabsorption of actively transported sugars whilst fructose, which depends on a different mechanism of facilitated transfer, is normally utilized.
More sophisticated in vitro methods were used to demonstrate the failure of mucosal uptake of labelled glucose or galactose as compared with control specimens. (Schmidt & Strasburger 1901) . At about the same time physiologists were producing evidence which showed that the final step in carbohydrate digestion did not occur in the lumen of the bowel but within its surface cells (Reid 1901) . This work was largely ignored until 1957 when Borgstrom et al. demonstrated again the importance of the intestinal mucosa as a digestive organ. It is now clear that the a-amylases of salivary and pancreatic secretions do not hydrolyse starch to glucose but produce a mixture of maltose, maltotriose and a-limit dextrins (5-9 glucose molecules). These molecules, like those of sucrose and lactose, are then acted upon by specific enzymes on or within the surface membrane of microvilli (Crane 1968). For clinical purposes the terms maltase, isomaltase, lactase and sucrase are used to describe the enzymes of the small intestine although each disaccharidase appears to consist of several distinct enzymes (Dahlqvist et al. 1963 ). In the past ten years the causes and effects of the disaccharidase deficiencies have been studied in detail. The syndromes due to disaccharidase deficiency are summarized in Table 1 . In adults lactase deficiency is common, whereas deficiencies of the other disaccharidases are rare. Diagnosis Lactase deficiency may be suspected in adults complaining of diarrhoea, pain or flatulence following the ingestion of milk, although the majority of patients who hydrolyse lactose poorly are symptom free. There are three ways of trying to confirm the diagnosis:
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(1) Oral 'tolerance tests': A rise in blood glucose of less than 20 mg/100 ml after an oral dose of 50 g of lactose usually indicates malabsorption. This is a useful test but it depends on several unknown variables such as the speed of gastric emptying, the rate of monosaccharide absorption and the clearance of glucose from the blood as well as on the disaccharidase activity of the intestinal mucosa. The test is accurate in about 80% of subjects (Newcomer & McGill 1967) . False positive results are most likely to occur when venous blood is used, and false negative results with capillary blood. For maximum accuracy a blood sample should be taken 15 minutes after the ingestion of disaccharide as well as at 30 minute intervals for two hours.
(2) Radiological test: Disaccharide malabsorption may be demonstrated by a radiograph of the abdomen taken one hour after the ingestion of a mixture of about 4 oz (15 g) Micropaque and 25 g of disaccharide. If the disaccharide is absorbed the radiological appearances do not differ from those seen when the patient is given Micropaque alone. If the disaccharide is unabsorbed it leads to a characteristic X-ray picture showing dilution of the contrast medium, dilatation of the small bowel and rapid transit of its contents (the head of the barium column is seen in the colon within 60 minutes). The test may be combined with a formal examination of the stomach and small intestine and is both simple and reliable (Laws et al. 1967 ).
(3) Measurement of disaccharidase activity of the intestinal mucosa: The disaccharidase activity of intestinal mucosal biopsies may be assayed quantitatively (Dahlqvist et al. 1963 ). For comparative purposes it is essential to obtain biopsies from the duodeno-jejunal flexure, the only position readily identified by fluoroscopy. Distal to this site the disaccharidase activities of the mucosa increase to reach a maximum in the mid small bowel; they then decrease again in the ileum (Newcomer & McGill 1966) .
Other methods of diagnosis: Measurement of unabsorbed sugar or lactic acid in the stool and the demonstration of disaccharide in the urine have been used as indices of disaccharidase deficiency but are too variable to be useful in clinical practice (McMichael et al. 1965 ).
Comparison Between Lactose Malabsorption and Hypolactasia
When measurements of lactase activity are plotted on a graph they fall into two groups (Fig 1) . A lactase activity of more than 2-5 units per g wet mucosa is nearly always associated with normal lactose absorption; below this level malabsorption of lactose is usually found. Subjects with hypolactasia often develop symptoms when they drink more milk for health reasons, e.g. pregnant women, school children and patients with peptic ulceration. New immigrants to Great Britain are particularly susceptible because often they have taken little milk since infancy.
It has been shown that there is a very high incidence of hypolactasia in many parts of the world and it seems that in affected subjects the ability to digest lactose falls rapidly after weaning (Cook 1967) . Once the enzyme activity has fallen it cannot be reinduced by the feeding of lactose (Cuatrecasas et al. 1965) . Little is known about the genetics of this condition but the pedigrees of two families in this study (Fig 2) support the suggestion of an autosomal recessive form of inheritance (Ferguson & Maxwell 1967 ). More work is necessary to determine if the character of the enzyme deficiency is the same in all affected people.
Secondary lactase deficiency: During the past three years many workers have suggested that lactase deficiency may be associated with and perhaps caused by a wide variety of gastrointesti- nal conditions ranging from infective gastroenteritis to ulcerative colitis, from rosacea to infective hepatitis, and of course in conditions with severely abnormal jejunal biopsies such as coeliac disease. Eleven of the 40 Northern European patients who had symptoms suggestive of lactose intolerance without any other gastrointestinal disease claimed that their symptoms started with an illness like acute gastroenteritis; 4 of these 11 had hypolactasia. Thus, acute gastroenteritis may precipitate milk intolerance in adults but no case has been described in which lactase activity has been reduced during an acute gastrointestinal illness and then has recovered. In a study of 72 patients attending Hammersmith Hospital there was no evidence that ulcerative colitis, Crohn's disease, partial gastrectomy, fibrocystic disease of the pancreas or infective hepatitis predisposed to lactose intolerance (Table 2) .
In coeliac disease, however, there is as one might expect a uniform reduction in the disaccharidase activity of the damaged mucosa (Plotkin & Isselbacher 1964) . It seems that lactase is more ., k ? . v I I I.-I severely affected than sucrase or maltase and recovers more slowly with treatment (Fig 3) . It is very difficult to determine whether the depression in lactase activity is associated with genuine lactose intolerance as both the radiological and sugar tolerance tests are unreliable in patients with severe cceliac disease.
Significance ofLactase Deficiency Symptomatology: Thirty-five of the 59 patients described above who failed to absorb lactose normally had symptoms after taking 25 g of lactose for a radiological test. Of these 35, 24 drank more than j pint (237 ml) of milk a day and the symptoms of 13 patients were improved by a reduction in milk intake. It seems likely that the majority of subjects with hypolactasia do not take sufficient milk in their diet to have symptoms, but it is important to recognize hypolactasia associated with bowel disease and after gastrointestinal surgery because in these cases diarrheea induced by the ingestion of milk may be a disabling symptom.
Secondary effects: It has been suggested that lactase-deficient subjects may develop osteoporosis because they drink little milk and therefore take in little calcium. Birge et al. (1967) reported a high incidence of hypolactasia in patients with idiopathic osteoporosis. Only 4 out of 23 white patients with osteoporosis attending Hammersmith Hospital had hypolactasia. One of these is a Jewish woman from Yugoslavia. In this study the incidence of hypolactasia in Northern European patients with osteoporosis is not significantly greater than that found in control subjects.
Sucrase-isomaltase Deficiency
Sucrose-isomaltose malabsorption is very rare in adults. The congenital form seems to ameliorate with age and there is only one description of a patient who claims to have had no symptoms before adult life (Neale et al. 1965) . Patients with sucrase-isomaltase deficiency suffer from acid diarrheea which is relieved by taking a diet free of sucrose and amylopectin-containing foods. The condition is diagnosed by methods similar to those already described for lactase deficiency. Summary Lactose malabsorption is a relatively common condition in adults affecting 5-10% of British people and probably a very high percentage of Greeks, Jews, Arabs, Indians, Chinese and Negroes. It is distinct from the rare congenital disease and appears to be an acquired condition possibly with an autosomal recessive form of inheritance. When found with other diseases it is probably due to chance association although there is a severe depression of disaccharidase activity in all conditions causing intestinal mucosal atrophy.
The symptoms of disaccharidase deficiency can be relieved by restricting the amount of disaccharide ingested.
